The linear low density polyethylene (LLDPE)/zeolite composite using novel inorganic filler, zeolite, is prepared by a conventional compounding procedure using a twin-screw extruder. The observed scanning electron microscopic (SEM) morphology shows a good dispersion and adhesion of zeolite in the LLDPE matrix. The mechanical properties in terms of the Young's modulus, the yield stress, the impact strength, and the elongation at break were enhanced with a successive increment of zeolite content up to 40 wt%. The X-ray diffraction measurement is of supportive for the improved mechanical properties and the complex melt viscosity is as well. Upon applying a certain level of strain on the composites, the dewetting, the air hole formation and its growth are characterized. The dewetting originates around the filler particles at low strain and induces elliptical micropores upon further stretching. The microporosity such as the aspect ratio, the number and the total area of the air holes is also characterized. Thus, the composites loaded 40 % zeolite and 300 % elongation may be applicable for breathable microporous films with improved modulus, impact and yield stress, elongation at break, microporosity and air hole properties.
Introduction
Thermoplastics have been a choice of matrices for composite materials for decades. Compounding fillers with thermoplastic materials in order to introduce desired properties is a conventional practice. The use of fillers in plastics not only upgrades thermal, mechanical and vast versatile properties, but also reduces the production costs. [1] [2] [3] [4] [5] [6] Most commonly used fillers in making composites include metal oxide, metal powders, carbon black, silica, spherical or fibrous glass, talc, calcite, 3,4 kaolin, mica etc. 7 Particulate fillers may have different shapes such as spherical, spheroidal, or cubic. Fillers are directly used in untreated or chemically treated forms prior to compounding with various thermoplastics. There are many beneficial reports on chemically treated fillers that show a better adhesion with polymer matrix than that of untreated ones. 8, 9 In our earlier work on calcite filled thermoplastic composites, the mechanism of the dewetting and air hole formation upon stretching were elaborately explained. [10] [11] [12] By loading 50 wt% calcite in linear low density polyethylene (LLDPE), some excellent results such as; improved mechanical properties, enhanced heat distortion temperature, augmented complex melt viscosity and good interfacial coexistence between the fillers and the matrix were observed. 10 In addition, the influence of mixing cycle of 50 wt% calcite filled LLDPE composite on the various properties were investigated. 12 The composites prepared by the second mixing yielded better performance in terms of mechanical properties and filler dispersion.
12 Stress concentration at the surrounding of filler particles is reported to be certainly responsible for dewetting between the filler and the matrix.
1 Porous films induced by applying certain level of strain can be used in diverse appli-cations such as breathable surgical gowns, diaper back sheets, and sports wears etc. 13, 14 Though the existence of dewetting phenomenon in polymeric film is a weak point, yet it will be emphasized in this work.
In general, zeolite is crystalline inorganic polymer possessing an infinitely extending three-dimensional network of AlO 4 and SiO 4 linked to each other. 15 In general, porosity of zeolite can be controlled by synthetic methods.
To the best of our knowledge to date, there are little references on zeolite filled thermoplastics. Upadhyay and Kale 16, 17 described the effects of the addition of synthetic sodium aluminum silicate (SSAS) in Nylon-6 and PP. Nylon-6 filled with up to 15 wt% of SSAS showed improved flexural strength and modulus. In case of flexural modulus the increment was almost double than that of virgin Nylon-6. Optical property such as yellowness index was improved with low loading of SASS, but was lowered with high content of SSAS. The similar outcome was reported for PP when it was loaded up to 40 wt% SSAS. Zeolite filled high density polyethylene (HDPE) composite was studied, but the most of mechanical properties such as the yield stress, the impact strength, and the elongation at break were reduced due to lowering the crystallinity and the dramatically increased air holes upon higher loading of zeolite.
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Thus, in this article, microporous composite film of LLDPE/zeolite representing a polydisperse cubic-like shape is prepared to study the followings. 1) to utilize as a potential filler source, 19-21 2) to discover its effects on the microporous composite properties, and 3) to study dewetting and air hole formation (or crack propagation) mechanism induced by zeolite upon stretching.
Experimental
Materials. Polyolefin used in this study is linear low-density polyethylene (LLDPE; FT810) supplied by SK Corporation, Ulsan, Korea. The properties given by the supplier are as follows; density of 0.981 gm/cm 3 , melt flow index (MFI) of 2.1 g/10 min, and heat deflection temperature of 98 o C. Synthesized zeolite from Zeobuilder Co. Ltd., Chungnam, Korea has an average agglomerate size of 2~3 μm and the pore size and the specific surface area by BET equation are 4 Å and 250-350 m 2 /g, respectively. Zeolite Master Batch and Compounding. In order to induce better mixing between the zeolite and LLDPE, 50 : 50 wt% LLDPE/zeolite master batch was previously prepared by feeding 50: 50 wt% LLDPE and dry zeolite into the hopper of a Brabender twin-screw extruder (PL 2000) with L/D of 16 in a screw dimension. The mixed compounds extruded through a round die immediately passed through a cold-water bath, then the solidified long strands of composite were pelletized. A temperature gradient maintained in the twin-screw extruder was 170 o C in a feeding zone, 180 o C in a compression zone, 190 o C in a metering zone and 200 o C in the die. The rotation speed of the screw was maintained between 60 and 70 rpm. By controlling the amount of the master batch in pure LLDPE, from 5 to 40 wt% zeolite filled LLDPE composites were prepared.
Molding and Film Preparation. Two types of specimens, dumbbell and film type, were prepared for the measurements of mechanical properties. Dumbbell shaped sample was compression molded in a Carver laboratory hot press at 5Ý 10 4 Pa and at 200 o C. The hot mold was allowed to naturally cool down at ambient temperature. The dimension of dumbbell bar was 13Ý 3Ý 165 mm 3 following the ASTM D638M-93 type M-I. Film type specimens were also prepared using a slit die in 100Ý 0.5 mm 2 in dimension by fixing at the end of the extruder. Extruded sheets were uniaxially drawn using take-up device maintaining the film thickness about 400 micrometers. The dimension of the film was 15Ý 0.4Ý 165 mm 3 according to the ASTM D882-97 for a tensile testing.
Characterization. Tensile properties of the dumbbell bar and film specimens were measured using a UTM (universal testing machine) of Instron 4465, U. S. A., at 25 o C and 30% humidity. Tensile properties such as yield stress, elongation at break, and maximum stress were enumerated from a stressstrain (S-S) curve. The Young's modulus as a measure of stiffness was determined from the initial slope of the S-S curve. The initial grip distance was maintained 50 mm and the strain rates varied between 5 and 50 mm/min for dumbbell bar and between 50 and 500 mm/min for film specimens.
The slow strain rate at 5 mm/min and an initial grip distance 2 mm were employed for morphological study. Dewetting and the variance of the air holes between the filler and the matrix were investigated. The draw ratio was varied from 50 to maximum stretching according to each sample's ultimate behavior.
The complex melt viscosity of the pure LLDPE and zeolite filled composites was measured using a Torsion Rheometer Mk III of Polymer Laboratory, Great Britain. The complex viscosity of the samples was measured in a parallel plate (D = 38 mm) over a frequency range of 0.03 to 200 rad/sec and the constant strain rate of 4%. The round 2 mm thick specimens were compression molded from a hot press at 200 o C. Prior to be molded, the pelletized samples were kept in a vacuum oven at 110 o C for 6 hrs to prevent from the moisture absorption.
Dispersion of filler and filler agglomeration in the matrix was visualized from the cryogenically fractured surface. The stretched surface of the composite films was analyzed using a Scanning Electron Microscope (SEM), Hitachi S-4300, Japan. All the specimens prepared for SEM analysis were coated with platinum using a sputter coater prior to test in SEM.
The crystallinity variance between the pure LLDPE and the zeolite filled composite was characterized using X-ray diffractometer of Philips PW 3719, USA, with a scintillation
